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Abstract: The sustainable business model (SBM) concept requires enterprises to integrate sustain-
ability aspects in their planning and operations. Although 60% of the global working population
make their living in the informal sector mostly in low-and middle income countries, the potential
for SBMs has rarely been analyzed for this category. This study explores the SBMs of informal
charcoal-producing enterprises in coastal Kenya. It describes key business-model components: value
proposition, value creation and delivery, and economic value capture. Impact and dependency on
sustainability-related indicators were also studied. Data were obtained through individual interviews,
focus-group discussions, and workshops for charcoal producers and other relevant stakeholders.
Findings demonstrated that charcoal enterprises, despite their informal status, adopt elaborate
business models. The incomes positively affect several Sustainable Development Goals (SDGs) by
reducing, if not eradicating, poverty and supporting basic livelihood needs. Examples of negative
impacts on some SDG include the activity’s contribution to forest degradation. Feedback impacts,
where SDG status influence the informal enterprises’ opportunities were also identified. The SBM
model contributes to the development of a balanced sustainability transition of the charcoal sector.
We suggest further analyses of the role of informal enterprises in the bioenergy sector for sustainable
development and how their SBMs could be improved.
Keywords: bioenergy; business strategy; green business; livelihoods; value chain
1. Introduction
Charcoal is an essential and affordable energy source for many households in Africa.
Approximately 90% of the annual wood harvest in Africa is used for energy, out of this vol-
ume, 20% is processed into charcoal [1,2]. Driven by population growth and urbanization,
production is increasing [2,3].
In Africa, charcoal plays a significant two-sided role in the attainment of the Sus-
tainable Development Goals (SDGs) by 2030 [4]. It provides livelihoods to hundreds of
thousands of persons through informal, often family-based, enterprises [5] (p. 23), [6].
On the other hand, charcoal production can cause forest degradation and biodiversity
loss [5–7]. Sustainability indicators, related to society’s human capital, institutions, or natu-
ral resources, can simultaneously through different feedback impacts, affect the sector’s
business opportunities [8,9]. Charcoal business is becoming a concern for governments
that have to weigh a range of policy goals related to climate, biodiversity conservation, and
poverty reduction. The success rates of different policy interventions to date have been
mixed [1].
This analysis focuses on the business models for informal charcoal-producing enter-
prises in Africa, and the potential to make them sustainable. Aspects of African charcoal en-
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terprises have been studied over recent decades with regard to poverty perspective [10–12],
policies and regulations [13], and impacts on community-level benefits [14,15]. Studies
have also partly covered business strategies and the economic performance of charcoal
enterprises [11,12]. Together, studies characterize charcoal producers as low-investment
enterprises with modest profits that are used for poverty reduction and the provision of
basic human needs. Production is generally in some cases based on unsustainable forest
management practices with adverse environmental impacts.
There is a need for actor-centered studies of how business models can promote a
sustainability transition for the informal charcoal sector that reduces adverse sustainability
impacts and increases positive impacts [1,16]. Sustainable Business Models (SBMs) can
provide a holistic understanding of how an enterprise’s value creation and value capture
have an impact on sustainability criteria; hence, they are useful for explorations of pathways
to design more truly sustainable business practices [17,18]. Although new knowledge on
sustainable businesses is continuously being developed [1], the concept has more frequently
focused on formal than informal enterprises such as charcoal producers in Africa.
There are several reasons to intensify the study of business models and SBMs for
informal charcoal enterprises in Africa. First, the charcoal sector in Africa features several,
both beneficial and adverse, impacts on sustainability that assumedly constitute dilemmas
or “wicked” problems for producers and policymakers. Secondly, Africa faces serious
challenges in achieving several SDGs, for example, with regard to poverty, hunger, or
employment [19], and has the highest deforestation rates in the world [20]. The continent
consequently needs to speed up its sustainability transition, which requires knowledge
that can support this change. Thirdly, the study of SBMs in the informal sector is relevant
because the sector employs about 60% of the global working population, a share that is
even higher in Africa and especially in its rural areas [21]. Business models in informal
enterprises have been studied [12,22]. However, the applications of this framework in the
bioenergy field remain scanty; much as the role of the charcoal industry is important in
terms of, number of producers and consumers and its role in rural economies, share in
national energy balances, used wood volume, and share of global charcoal production [1].
In this regard, the sector has a key role to play in achieving some of the SDGs.
Although challenges associated with the charcoal sector have several dimensions
that call for a range of new insights, the SBM framework could to some degree contribute
towards the process by (1) improving insights about current business practices in the sector;
(2) supporting charcoal enterprises, policymakers, and stakeholders to evaluate ways
towards sustainability improvements; and (3) enabling a constructive dialogue among
stakeholders that incorporate businesses, livelihoods, and sustainability outcomes. In turn,
more accurate knowledge about the operations and business conditions from the actors’
perspective and the uptake of policy measures could lead to more effective policies with
regard to charcoal in earnest of sustainable development.
This study described and analyzed SBMs for charcoal-producing enterprises in Kenya,
characterized components of the business models, and identified associations between
business models and sustainability indicators. The underlying intention was to contribute
to a balanced sustainability transition in the sector [23]. The specific objectives for this
study were to:
• Document and analyze informal charcoal producers’ business models concerning
value-proposition, creation, and capture.
• Assess positive and negative impacts that the business model is creating for the
environment and/or society; and the corresponding feedback impacts that the sus-
tainability status have on the charcoal enterprise.
The unit of analysis for this study was the business model in the sector and its
extension to a SBM. Thus, this study focused on typical practices, and not statistical
averages and distributions of producers. Analysis and calculations were related to a
normal, full-time, charcoal-producing enterprise.
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The following section develops the conceptual SBM for this study, followed by a
description of the study area and the methods employed. The results section applies the
SBM to typical charcoal enterprises in Kenya. Furthermore, the section presents economic
outcomes and scenarios to illustrate the economic impact of the strategy choices. The
discussion section brings up the implications and limitations of the findings. The paper
ends with concluding remarks.
2. Materials and Methods
2.1. Conceptual Framework
The study was partly based on the business model concept, which is a common tool for
reviewing a business’ ability to create value [24]. Additionally, a SBM incorporates social,
economic, and environmental impacts into the business processes. “A sustainable business
model is about creating significantly increased positive effects and/or significantly reduced
negative effects on the natural environment and society through changes in the way a
company and its network create, deliver, and capture value” [18] (p. 147). The concept
is increasingly being promoted to enhance the co-creation of business and sustainability
benefits [18,25,26]. Sustainability can be based on different definitions [17]; in this study, it
refers to the UN Sustainability Agenda [4]. The business community’s central role in the
achievement of the SDGs was recognized in the UN resolution text on the SDGs [4] (Article
67). Finally, our framework considers feedback impacts where the status of SDGs—such as
the natural environment or for human capital—influence the business opportunities [9].
The conceptual SBM model for this study features the business model canvas, which
is based on the value proposition, value creation and delivery, and economic value capture.
Furthermore, it includes sustainability impacts from the business activities on society and
the natural environment [18] and sustainability feedback which describe how sustainability
indicators, or SDG status, influence charcoal enterprises’ performance [4,9] (Figure 1).
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2.2. The Study Region
This study was conducted in the Taita Taveta and Kwale counties in coastal Kenya
(Table 1).
Table 1. Overview of Taita Taveta and Kwale Counties [27,28].
County Area (km2) Population Forest Area (km2)
Taita Taveta 17,100 341,000 620
Kwale 8300 867,000 450
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Taita Taveta County has moderate charcoal production, where National Parks are
exempted from all farming and forestry-related activities. Larger charcoal quantities are
produced in Kwale County, adjacent to Mombasa City, which is a key market for charcoal
(1.2 million inhabitants). Charcoal is used by 11% and 30% of the households in Kwale
and Mombasa counties respectively (Figures for Taita Taveta were not available) [27,29].
Charcoal accounts for 17% of the household energy consumption in Kenya, with the largest
share being in urban areas [30].
A charcoal ban, imposed in Kenya in February 2018, has affected trade and under-
mined the role of the village-based Charcoal Producer Associations (CPAs) [31]. CPAs,
were, before the ban, responsible for sustainable charcoal production that did not degrade
the forest cover and coordinated reforestation activities and development of conserva-
tion plans for sustainable charcoal production. Consumption is not forbidden and hence
considerable charcoal production and use still continues even after the ban in 2018 [32].
Since charcoal production and trade is informal and partly banned, precise production or
consumption figures are not easily available.
2.3. Research Approach
An exploratory approach was selected to gain an insight into the various business
practices and business models’ properties. The study used qualitative methods and an
actor-centered perspective, where producers were mostly viewed as strategic entrepreneurs
who evaluate and choose strategies according to expected outcomes [33–36].
This was followed by participatory analysis approaches that included dialogues
with, and collating information from the local communities. The approach captured
producers’ perceptions, reflections, and plans to improve their activity and it contained
open discussions and follow-up questions with the local communities [35,37]. Ethical
guidelines set by the International Society of Ethnobiology (ISE) guided the research, for
example, regarding prior informed consent, confidentiality, respect, supporting indigenous
research, and dynamic interactive cycle [38].
2.4. Data Collection
Data were collected in qualitative interviews, focus group discussions (FGDs) involv-
ing 4–10 participants categorized by age groups and gender, and followed with workshops
with different stakeholders lasting for one day (Table 2) [33,35]. Contacts with producers
were facilitated by CPAs.
Table 2. Data collection.
June 2018.
Data-Collection Type Respondents Interview Lengths
Individual interviews 43 Producers (21 women, 22 men) 2 h
Focus-group discussions (FGDs) 8 FGDs, mixed and separated on gender and age 2 h
Key informant interviews 8 Key informants representing environmental
non-governmental organizations, county governments,
Kenyan Forest Service, forest-owner associations
2 h
Workshops Two meetings with stakeholders; 30 participants in Taita
Taveta and 25 in Kwale. Participants included




Data-Collection Type Respondents Interview Lengths
Focus-group discussions 11 Verification sessions with CPAs 2 h
Workshops Two meetings with stakeholders, with 37 participants in
Taita Taveta and 22 in Kwale. Participants included
producers, transporters, vendors, public agencies, NGOs
One day
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Data were collected in June 2018 with a follow-up visit in June 2019 to present the
preliminary research findings and verify the results with the communities and other
stakeholders in the charcoal business.
Questionnaires and interview guides covered the producers’ business models, that is,
value proposition, creation, and delivery; costs; and revenue streams. They also queried
livelihood and sustainability impacts from charcoal production, and how the business
was affected by policies and external development. Further, interview questions elicited
producers’ strategies, views, and perceptions on charcoal business operations and sustain-
ability connections. While individual interviews elicited producers’ operations, views, and
plans, FGDs permitted a dialogue among participants.
Questionnaires were developed through iterative revisions and pretested in the field
to ensure reliability. Six enumerators with good connections with local people and fluent in
Kiswahili (common language in the area) were recruited and trained in data collection for
two days. They had a minimal qualification of a college diploma in either social sciences
or community development. Enumerator teams were gender-balanced as provided by
the Constitution of Kenya, with one-third being women. Interviews were conducted in
Kiswahili, and answers were transcribed in English.
2.5. Analysis
Data were transcribed and analyzed through qualitative iterative procedures including
coding and noting of narratives [33–35]. Responses were compared and analyzed using the
theoretical framework (Figure 1) to outline the business model and sustainability linkages.
Economic calculations were conducted to determine economic value capture [39]. All
this was to ensure that empirical applications of the business models provide strategic
configurations that also constitute narratives for how the business is conducted.
3. Results
3.1. Description of a Typical Charcoal Producer
Charcoal producers are informal own-account enterprises. The normal production for
a full-time charcoal enterprise amounts to approximately 33 runs of seven bags per year,
totaling 231 bags of charcoal annually, each bag weighing about 40 kg (Table 3). However,
kiln size and the number of runs per year vary between producers (Examples of individual
enterprises are shown in Appendix A).
Table 3. Typical Charcoal Producer, Description.
Respondent and household: 39 years old, married, five children, primary but also secondary
education.
Other income: Charcoal is a key income source, often combined with farming, but also small-scale
trade, construction work, and day labor.
Annual production: 231 bags
Perceived living standard: low or average for the community
Challenges/unexpected costs: variable prices, reducing wood supply, middleman capture margin
Use of income: school fees, food, clothing, housing.
Goals/plans for charcoal production: cover basic goals and maintain living standard. In some
cases, increase production or transport to small nearby towns. However, charcoal ban complicates
planning.
About 90% of the producers reported that charcoaling is a key source of income, often
combined with farming or other economic activities. One-quarter of charcoal producers
perceived themselves as below average income earners in the community, while the major-
ity reported that their living standard was at the same level as that of the average villager.
The dominating goals for the charcoal business were to earn adequate income to cover
basic needs and improve their living standard, rather than, for instance, social motives.
Some enterprises had ambitions to increase their production by increasing the number and
size of kilns: “to be able to supply 30 bags in a week to get more income” (male producer,
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Taita Taveta), “large-scale: start another kiln at another farm to increase income” (female
producer, Kwale); or to access new geographical markets: “expand to new markets in
Mombasa to get better prices” (male producer, Kwale).
3.2. Sustainable Business Model
3.2.1. Value Propositions
Product and Services
The key value proposition encompasses the product (charcoal) and the associated
services that are offered to customer segments (Figure 2). High quality charcoal are
described as heavy, dark, and shiny, in large pieces, and preferably coming from indigenous
tree species. The charcoal should not be overburnt, wet, or contain charcoal powder.
Furthermore, the product should be packaged correctly and free from impurities/foreign
material such as unburnt wood pieces and stones. Quality problems and associated price
reductions were frequently reported, emphasizing the importance of charcoal quality to
firm performance. Buyers reportedly appreciated reasonable and stable prices, (although
high quality can generate a premium price). They expected some room for bargaining.
Service-quality dimensions involve good access to the location of sale and good business
relations based on trustworthiness and politeness.
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Customer Segments and Relations
The direct buyers fro producers ere inter ediaries who transport the charcoal
or take care of both the transport and wholesale of produced charcoal. Downstream end
customer segments consisted of households, small restaurants, and other businesses like
fish sellers that smoke and sell fish on the streets of urban centers.
Producers sell to both stable, loyal customers, and on-spot markets. The degree of
customer loyalty mainly depends on the quality of the value proposition, and it was
confirmed that good customer relations are important for business success. Mistrust may
also occur when producers consider themselves to be exploited by intermediaries, or due
to default in payment.
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3.2.2. Value Creation and Delivery
Key Activities
Value creation and delivery encompass activities, resources, partnerships, and chan-
nels used to meet customer needs and accrue revenue (Figure 3). Key activities in charcoal
production are planning—identifying locations and trees for charcoal production, requesting
for the landowner’s consent to harvest, and preparing tools and equipment; harvesting—
tree felling and preparation of two-meter pieces of wood for charcoaling, and letting the
wood dry for two weeks; carbonization—setting up the kiln for charcoal production, placing
and assembling wood pieces, covering the kiln with soil and grass, placing stones around
it, initiating and monitoring the carbonization process, and cooling; and lastly packaging
and sale—removing the charcoal from the kiln, placing it in bags, and contacting buyer
transporters/buyers for sale and delivery.
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tion and calculations.
Sale of charcoal nor ally occurs at the production site, although alternative locations
include at the roadside, at ho e, or in the village. The charcoal ban of 2018 forced ost
sales to be conducted discreetly, and CPA- anaged collection centers in villages are no
longer used due to fear of charcoal confiscation.
Resources
Principal input factors are wood, worktime, and basic tools. Suitable tree species
are primarily indigenous species, with Combretum hereroense, Grewia tembensis, Diospyros
mespiliformis, and Acacia mellifera being the most preferred. Where required, compensation
(approximately USD 1/bag) is paid to the landowner for provision of raw material for
charcoal production. In other cases, the charcoal producer has free access to the raw
materials: “We belong to an association; therefore, we can access the wood using the name
of the association” (female producer, Taita Taveta); “We use those people in the ranch
to cut the trees for us, then buy from them” (male producer, Kwale). Land ownership
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includes ranch trust land/community land (44%), own land (46%), private forests (12%),
and government land (10%). The distance from home to the production sites varies, with
an average range being 3–4 km.
Hand tools are purchased at a moderate cost and last for 3–5 years. Typical tools
are Pangas (machetes) and axes for cutting wood; and spades, rakes, and Jembes (hoes)
for preparing and tending kilns. Some tools are owned, and others are borrowed from
neighbors, occasionally for at small fee. In addition, the production process consumes
grass, sand, animal dung for kiln preparation, and empty bags for packaging.
The main input factor is the work hours and knowledge. The production is labor-
intensive (Table 4, Figure 4). Half of the respondents obtain help from family members
for cutting wood and carbonizing the wood: “We are two people who cut the trees and
five people who arrange the logs/grass and set up the kiln” (female producer, Kwale).
Others work on their own: “I do the work alone, nobody in the family can afford to help
me because such work is so difficult” (female producer, Taita Taveta). During the rainy
season, many producers must divide their time between charcoal production and tasks in
their farms or halt charcoal production altogether.
Table 4. Worktime per run of seven bags.
Task Work Hours
Planning and selecting sites 4.0
Cutting and preparing pieces 29.4
Cutting grass 4.2
Staking 2.1
Digging soil to cover wood 5.6
Carbonization (monitoring) 12.0
Cooling and removing charcoal 2.1
Packaging and selling 4.2
Total work hours per run 63
Work hours per bag 9
Work hours per year 2100
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assumed that this control could be conducted twice per day. Total work time for 33 runs
over the year corresponds to 2100 working hours.
Financial investments are low and acquired from previous business earnings or credit
from family members, lenders, or other credit facilities, such as microcredit facilities and
Kenya Women Finance Trust.
While several charcoaling skills are crucial, they were often simply labeled by the
respondents as traditional knowledge. When specified, these skills include physical strength,
trees’ harvesting skills, expertise in charcoal kiln preparation and monitoring, and knowl-
edge of how to properly package the charcoal in the bags to avoid breakages. Most
producers learned the profession from their parents, siblings, and/or neighbors, or simply
by “observation”. The respondents highlighted that the acquired skills and competencies
contribute to increased safety, quality charcoal, efficiency in the production process, and
better packaging. Almost 80% of the respondents have an educational level of primary
school or higher. Both literacy and calculation skills were confirmed as useful in the trade
for note-taking and for calculating revenues and costs.
Partners
Charcoal production is mainly an individual or family business. However, neighbors
and friends cooperate and exchange knowledge and skills. Actors in the value chain—the
transporters, customers, and middlemen—represent key market information sources. Other
partners or stakeholders included projects by non-governmental organizations (NGOs),
such as Wildlife Works, or extension projects. Before the charcoal ban was introduced,
CPAs were organizing producers to coordinate sales and reforestation; after the charcoal
ban in 2018, however, CPAs have lost most of their formal role and authority, and are much
weakened, with some even dissolving.
The World Wildlife Fund (WWF) has supported the development of wood-fuel regula-
tions in the counties of Kwale and Kilifi, the branding and certification of locally produced
forest products, and capacity building to establish community cooperatives for marketing
nature-based forest products.
The respective county governments and the Kenya Forest Service (KFS) are supervis-
ing the use of forest resources. Charcoal producers complain of corruption and confiscation
of charcoal volumes while in transit.
3.2.3. Economic Value Capture: Costs and Revenues
The average price of charcoal per bag of approximately 40 kg was USD 6.66. Charcoal
producers using trees from ranches make in-kind payment for green wood with a share
of the charcoal, or with a fee per bag produced. The costs for tools for tree felling and
operations of the kiln are shown in Table 5.








The annual income statement from a typical production of charcoal is shown in Table 6.
Input variables are based on charcoal prices at the production site, costs for wood, tools, and
empty bags for packaging the charcoal (Table 5), estimated fees and taxes, and work hours
required for charcoal production (Table 4). The calculation does not consider transport to
the kiln site, risk factors, work-related injuries, and price reductions explained by quality
problems.
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Table 6. Income statement, annual.
Items USD
Operating revenues (USD 6.66/bag × 231
bags) 1531
Wood cost, (USD 1/bag × 231 bags) 231




Net income per work hour 0.55
Daily income per family member *** 0.92
Production: 7 bags/run, 33 runs/year, 231 bags/year. * Panga, jembe, spade, and axe, estimated lifetime = 3 years.
** Reflects CPA fees and taxes before the charcoal ban. *** five children, Oxford calculation [40].
Table 6 shows that, based on a family with five children, the net income for the
typical charcoal producer does not reach the poverty limit of USD 1.9/day and person,
however, it achieves about half of this expectation, thereby underlining the important role
charcoal play in poverty reduction. The household may also earn some additional income
from agricultural production or other employment, mainly casual labor. The calculation
presented in Table 6 is, on the other hand, based on full-time work, which does not provide
for considerable time for additional income-generating activities.
Labor costs dominated elemental cost shares in charcoal production despite low
hourly compensation (Table 6 and Figure 4). The cost of goods sold, that is, wood material,
occupies a smaller cost share, and expenses (tools, empty bags) and fees represent less than
10% of the producer price. Before the charcoal ban, fees consisted of payments to the CPA
and transportation/movement permits.
3.2.4. Sensitivity Analysis: Costs and Incomes
To illustrate the business model and its opportunities for improved economic value,
economic capture scenarios were calculated based on responses to questions regarding
charcoaling-process risks, quality problems, and unexpected costs.
• Large kiln: Increased production was reported as a method to increase profits. In
this scenario, we assume an increase from 7 to 10 bags/run. Revenues proportionally
increased with economies of scale in the production assumed.
• Increased quality: Skills in kiln management were frequently emphasized by respon-
dents. Quality management was assumed to increase the average unit charcoal price
by 10%.
• Kiln breakage: The kiln opens up, allowing air to enter the kiln leading to accelerated
wood combustion that leads to lower charcoal yields. In this scenario, it was assumed
that 10% of the runs were lost for this reason or two runs per year.
In all other aspects, the conditions would be the same as those in a typical enterprise,
as described in Table 6. Net income per work hour are shown in Figure 5 and compared
with the original figures for business as usual (BAU).
Figure 5 shows that a large kiln could increase income per hour by 6%. However, the
time for wood harvesting and preparation also increases, which leads to more working
hours and probably the need to engage one more family member in the production. Higher
average quality would improve hourly income by 13% whereas increased risk for accidents
reduces income per hour by 7%. Findings highlight various short-run aspects that influence
profit margins and household incomes. It is likely that modest income improvements
for poor households, such as quality improvement, have a significant impact on the
household’s living conditions.
Sustainability 2021, 13, 3475 11 of 17
Sustainability 2021, 13, x FOR PEER REVIEW 11 of 18 
 
Production: 7 bags/run, 33 runs/year, 231 bags/year. * Panga, jembe, spade, and axe, estimated life-
time = 3 years. ** Reflects CPA fees and taxes before the charcoal ban. *** five children, Oxford cal-
culation [40]. 
Table 6 shows that, based on a family with five children, the net income for the typical 
charcoal producer does not reach the poverty limit of USD 1.9/day and person, however, 
it achieves about half of this expectation, thereby underlining the important role charcoal 
play in poverty reduction. The household may also earn some additional income from 
agricultural production or other employment, mainly casual labor. The calculation pre-
sented in Table 6 is, on the other hand, based on full-time work, which does not provide 
for considerable time for additional income-generating activities. 
Labor costs dominated elemental cost shares in charcoal production despite low 
hourly compensation (Table 6 and Figure 4). The cost of goods sold, that is, wood material, 
occupies a smaller cost share, and expenses (tools, empty bags) and fees represent less 
than 10% of the producer price. Before the charcoal ban, fees consisted of payments to the 
CPA and transportation/movement permits. 
3.2.4. Sensitivity Analysis: Costs and Incomes 
To illustrate the business model and its opportunities for improved economic value, 
economic capture scenarios were calculated based on responses to questions regarding 
charcoaling-process risks, quality problems, and unexpected costs. 
• Large kiln: Increased production was reported as a method to increase profits. In this 
scenario, we assume an increase from 7 to 10 bags/run. Revenues proportionally in-
creased with economies of scale in the production assumed. 
• Increased quality: Skills in kiln management were frequently emphasized by re-
spondents. Quality management was assumed to increase the average unit charcoal 
price by 10%. 
• Kiln breakage: The kiln opens up, allowing air to enter the kiln leading to accelerated 
wood combustion that leads to lower charcoal yields. In this scenario, it was assumed 
that 10% of the runs were lost for this reason or two runs per year. 
In all other aspects, the conditions would be the same as those in a typical enterprise, 
as described in Table 6. Net income per work hour are shown in Figure 5 and compared 
with the original figures for business as usual (BAU). 
 
Figure 5. Economic scenarios: Increased production, improved quality, kiln breakages. 
Figure 5. Economic scenarios: Increased production, improved quality, kiln breakages.
3.2.5. Sustainability Impact
Interviews and group discussions revealed that charcoal production affects different
sustainability indicators. Table 7 presents impacts that were reported by the majority of the
respondents.
Table 7. Impact of charcoal business on SDGs (Direction of impact is provided in brackets).
SDG (Shortened) Impact from Charcoal Production
Goal 1. End poverty. Charcoal income reduces poverty, but may not
lift households above the poverty line. Income
is reported as used for basic needs (+).
Goal 2. End hunger, achieve food security. Charcoal income is used to buy food (+).
Goal 4. Ensure inclusive and equitable quality
education.
Charcoal income pays for children’s education.
Parents have to buy uniforms, learning
materials, and books at the primary level.
Secondary-school fees are partly
government-subsidized, but parents pay a part
and for books and lunch (+).
Goal 15. Protect, restore, and promote life on
land (forests).
If based on unsustainable forest management
practices, charcoal production degrades forests
(−).
(+), positive impact; (−), negative impact.
The main positive impacts include the livelihood contribution of the charcoal income,
which reduced but did not eliminate poverty. Proceeds are used for basic needs, including
school fees. In addition to the main impacts in Table 7, there are other income-related
co-benefits associated with charcoal production, which have an indirect impact on some
SDGs. These benefits include affordable reliable energy though not clean; and income
used to meet health and house construction expenses. Further, these constitute a critical
income source for women, including single women with children. These co-benefits
could indirectly contribute to the achievement of respective SDGs. On the negative side,
charcoal producers reported that an intensified charcoal production, together with farmland
expansion, contributes to forest loss. However, before the charcoal ban, CPAs used to
undertake reforestation and afforestation activities on degraded forests and land, in line
with the developed conservation plans for their areas of operations. These activities
stopped with the charcoal ban.
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3.2.6. Sustainability Feedback Impact
The last component of the SDGs summarizes how the status the SDGs in the country
or region influence on the charcoal enterprises’ profitability and long-term viability.
Table 8 presents mixed such feedback impacts of SDG status on charcoal businesses.
Respondents reported that acquired reading and writing skills helped them in carrying out
the charcoal business. However, the business was also affected by a decreasing supply of
quality tree species for charcoal production and long distances to the wood sources. The
current charcoal ban was viewed as ineffective since charcoal trade continues in different
forms, counterproductive, and unfair, which relates well to SDG target 17.14 that describes
policy coherence in terms of how policies are coordinated. With respect to co-benefits, it was
also possible to identify several SDG indicators with an indirect feedback impact on the
business prospects, that is, the nutrition, general health situation, and women equality.
Table 8. Feedback impact of SDG status on charcoal business (Direction of impact is provided in
brackets).
SDG (Shortened) Feedback on Charcoal Production
Goal 4. Ensure inclusive and equitable quality
education.
Producers with primary education use reading
and numeric skills in their business operations.
However, they need additional planning and
production skills (+).
Goal 8. Decent work and economic growth” High unemployment levels push rural
community members with low literacy levels
to resort to charcoal enterprises for survival.
This increases competition, reduces profit
margins, and accelerates forest degradation (-).
Goal 15. Protect, restore, and promote life on
land (forests).
The charcoaling industry is affected by forest
loss and degradation caused by farmland
expansion and charcoal production as well as
restricted access to forest resources such as
during ban (−).
Goal 17. Strengthen means of implementation
and revitalize Global Partnership for
Sustainable Development (Policy Coherence)
Complaints about allegedly misdirected
charcoal ban since 2018. Members do not
sympathize with the reduced role of CPAs (−).
(+), positive impact; (−), negative impact.
3.3. Synthesizing SBM for a Charcoal Business
A synthesized SBM of an informal charcoal producer, according to Figure 1, describes
the business components and their linkages to sustainability goals. It represents a dual
interaction between the business activity and sustainability and impacts and feedback
impacts with positive and negative signs. The model and its empirical application do not
highlight an “optimal” SBM; it is even likely that such an ultimate model is not available.
However, it identifies the key interactions that affect sustainability.
4. Discussion
This analysis found that producers apply consistent business models for their oper-
ations. The value proposition emphasizes the quality dimension, which can be upheld
by the choice of tree species and the management of the process. Marketing skills and
service quality dimensions are also important. Value creation steps encompass activities
where both tangible and intangible resources are employed and combined. Raw wood
material and labor are the main inputs, and producers put effort into strategic planning and
deploying skills to optimize the production processes for the best efficiency and quality.
The economic calculations highlight the key characteristics of value capture: low entry
barriers, high labor intensity, and low profit margins.
The findings show that the charcoal producers, in some aspects, are acting strategically
in conceiving and implementing their business plans. They also apply a reasonable market
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analysis that takes into account the operational aspect and institutional and economic
factors. However, constraints associated with low inputs, education level, short-term
needs, and poverty constrain producers from making long-term plans. Variable policies,
including recurring charcoal bans, could add to the insecurity of such businesses and their
long term viability. The increasing unrestrained demand for charcoal (there are no laws
against charcoal consumption/use) by all segments of the society has meant that charcoal
production remains a continued reality.
This study is novel by developing and using a framework for SBM analysis among
informal charcoal enterprises in Kenya. SBMs have rarely been discussed for informal
enterprises such as charcoal producers. The application of the model on charcoal-producing
enterprises in Kenya generated insights on mixed linkages between charcoal production
and some SDGs.
Enterprises face a harsh business reality with few real options. Profits can be improved
by increasing production through larger kilns that increases turnover, enhances quality, or
reduces accidents or kiln breakages that cause injuries and economic loss. Higher profits
will, in turn, support the achievement of some SDGs by, for example, reducing (if not
eliminating) poverty, improving access to housing and health, and financing school fees. A
sustainability transition implies, however, that these benefits are supported by sustainable
forest management practices (sustainability feedback), and by coherent enabling policies
that support an efficient and sustainable charcoal production.
Several aspects of the livelihoods and poverty aspects of charcoal production are
recognized from other studies from various African countries [10,11,15]. These analyses
also found that charcoal contributes to covering basic livelihood needs. The key role for
feedback impacts from policy and sustainable forestry conform with findings in previous
related studies [14].
However, this study also suggest an important field for the application and develop-
ment of SBMs: informal biobased enterprises. The charcoal sector is still key for low-income
households, and hence measures to regulate it should consider the poor rural households
that depend on it to support their livelihoods. The analysis of the wide range of sustainabil-
ity impacts is therefore relevant. The findings present evidence to inform policymakers to
support the charcoal enterprises and thus emphasize their potential to contribute towards
achieving some SDGs.
The SBM analyses highlight measures to guide a sustainability transition in the char-
coal sector. Livelihood improvements should be achieved by introducing adoptable process
enhancements that prevent accidents, and support quality management through improved
charcoaling technologies, efficient kilns, and tree species selection. Tree species such as
Acacia spectabilis, Sesbania sesban, Acacia polyacantha, and Acacia xanthophloea that coppice
after harvesting and grow very fast could be prioritized for charcoaling to ensure a sustain-
ability transition in the charcoal sector. These species are leguminous and fix nitrogen to the
soil, thereby improving fertility—a key ingredient in supporting agricultural production
that provides supplementary income to that from charcoal. Notably, coppicing and fast
growth attributes of the species could secure a sustainable supply of the materials for
quality charcoal production. The acquisition of better planning and management skills
and enhanced collaboration that fosters knowledge transfer and strengthens producers’
bargaining power with traders and transporters may also increase incomes and conse-
quently the impact on some SDG indicators. Halting the ongoing forest degradation and
achieving a community-based sustainable forest management regime are critical issues for
any successful long-term business model.
Creating alternative income sources, improving education status, and developing
appropriate policies that could regulate sustainable forest management and the charcoal
sector are other interventions that improve sustainability status in relation to both liveli-
hoods and forest conservation. The model, furthermore, suggests that subsidized schooling
could reduce the need for monetary income for school fees, and consequently marginally
reduce the incentives to engage in charcoal production for these reasons.
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The analysis presented above has limitations. The empirical results are specific for the
location, and the charcoal industry structure is likely to vary between locations in Africa.
Any generalization must, therefore, be done with much caution. However, the study’s
aim was explorative and it is possible that similarities exist across the continent since the
occupation generally employs low-income people in small-scale enterprises. Furthermore,
this study did not analyze how income from charcoal complements other household income
sources [41]. It focused on a specific activity and industry: charcoal production. Notably,
the SBM cannot solve all sustainability issues associated with charcoal production. One key
issue is the association of charcoal with indoor pollution at the consumer level. However,
the SBM approach can be useful for comparisons of different biobased energy sources such
as pellets and biochar among others, as well as for improved cooking stoves.
Extended analyses could incorporate the health impact of charcoal at the user stage [1]
(p. 73), which is not covered in depth in this study. Fuelwood and charcoal combustion
creates indoor air pollution with health consequences [42]. Efforts have been made to
promote cleaner cooking alternatives, with often limited or mixed results [43,44]. Possibly
charcoal in the future can be replaced by cleaner cooking methods and rural livelihoods
may also be supported by other activities. However, considering the size and trend of
charcoal production, regulations may be warranted in the short- and medium-term that
can integrate business and sustainability goals. One such approach in this process could be
to analyze the sector in its context and seek sustainable solutions that make business sense
for the stakeholders.
5. Conclusions
The business model canvas and our SBM qualitatively outlined the strategic situation
for charcoal producers that integrates sustainability linkages; hence, it does not present a
template SBM but shows the key influencing factors.
This study on business models and sustainability connections contributes to the
growing literature on SBMs. Using charcoal production and trade as an example, it
highlighted the business aspect of informal rural production systems, showing that these
systems, like other businesses, handle various challenges to generate value. Understanding
the business model, combined with insights about institutions, culture, gender relations,
and operational conditions, helps to analyze and identify ways for charcoal producers in
Kenya to attain better and more sustainable livelihoods.
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Appendix A
Enterprise Levels
Although the synthesized model above describes the typical traits of informal enter-
prises, the business model is conceived, implicitly or explicitly, for the individual enterprise
based on its resources and goals [25]. The SBM was consequently applied to six example
charcoal enterprises to illustrate commonalities in differences between SBM contents. The
business units are all own account enterprises. Business model components, and their
sustainability implications, are shown in Table A1.
Table A1. Business models, informal charcoal producers.
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Table A1 shows similarities between the producers concerning the value proposition
including quality parameters and market segments. The key components of the value
creation are also similar between the enterprises. The technology is basic, while the amount
spent on tools and equipment is low. The aspirations to improve revenues include an
increased turnover/productivity. In one case, F, transport to a population center was
considered as an approach to improve the profit margin.
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